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Description 



Material for gland packing and the gland packing 



Technical Field 

The present invention relates to a gland packing mate- 
rial which is useful in production of a gland packing , and 
also to a gland packing which is produced by the gland 
packing material. 

Background Art 

Conventionally , as a gland packing material which is 
useful in production of a gland packing, for example, known 
is a material disclosed in Japanese Patent No. 3,101,916. 

In the conventional art, as shown in Fig. 21, for ex- 
ample, expanded graphite (52) is bonded by an adhesive 
agent to both faces of a plurality of reinforcing fiber 
yarns (51) , thereby forming a gland packing material (50) 
in which the interior is reinforced (hereinafter, such re- 
inforcement is referred to as internal reinforcement) . 

The conventional gland packing material (50) is pro- 
vided with high tensile strength by the reinforcing fiber 
yarns (51) , and hence can be subjected to a braiding or 
twisting process. When a plurality of such gland packing 
materials (50) are bundled, and then a / braiding or twisting 
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process is applied to the bundle, therefore, a gland pack- 
ing can be produced. When eight gland packing materials 
(50) are bundled and an eight-strand square -knitting proc- 
ess is conducted, for example, a gland packing (53) which 
5 is braided as shown in Fig. 22 is produced, and, when six 
gland packing materials (50) are bundled and a twisting 
process is applied, a gland packing (53) which is twisted 
as shown in Fig. 23 is produced. 

Each of the conventional gland packings (53) is pro- 
10 vided by the expanded graphite (52) with properties which 
are preferable in sealing, and which are inevitable in a 
packing, such as the compressibility and the recovery prop- 
erty, and hence can seal a shaft seal part of a fluid appa- 
ratus while producing a high sealing property. 
15 In the conventional gland packing material (50) having 

the internal reinforcement, however, the expanded graphite 
(52) which covers the both faces of the reinforcing fiber 
yarns (51) is not expected to exert a high shape -retaining 
property. When the gland packing (53) is produced with us- 
20 ing such a gland packing material (50) having the poor 
shape-retaining property, the expanded graphite (52) may 
drop off during the braiding or the twisting process . 
Therefore, the elasticity of the gland packing (53) is re- 
duced, the properties which are preferable in sealing, such 
25 as the compressibility and the recovery property are lost, 



and the sealing property of the gland packing (53) is low- 
ered. 

A large amount of adhesive agent is used in order to 
bond the reinforcing fiber yarns (51) and the expanded 
graphite (52) together. Therefore, the properties of the 
expanded graphite (52) such as the affinity and the com- 
pression recovery property are lowered by hardening of the 
adhesive agent , thereby adversely affecting the sealing 
property. When the gland packing (53) produced by the 
gland packing material (50) is used under a high tempera- 
ture condition, the adhesive agent may be burned, thereby 
causing a possibility that penetration leakage is increased 
and the sealing property is reduced. 

The invention has been developed in view of the above- 
described circumstances. It is an object of the invention 
to provide a gland packing material which is provided with 
high tensile strength by a fibrous material that reinforces 
the interior, which can be easily subjected to a braiding 
or twisting process, which can obtain a high shape- 
retaining property, and in which a high sealing property 
that is originally possessed by an internal reinforcement 
structure is not impaired, and reduction of the sealing 
property due to hardening or burning of an adhesive agent 
can be avoided, and a gland packing which is produced with 
using the gland packing material. 
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Disclosure of the Invention 

In order to attain the object, for example, the inven- 
tion is configured in the manner which will be described 
5 with reference to Figs. 1 to 20 showing embodiments of the 
invention . 

Namely, the invention relates also to a gland packing 
material, and is characterized in that the material is con- 
figured by a cord-like member (40) which is formed by 

10 stranding a strip-like base member (4) , or winding a strip- 
like base member (4) about a longitudinal direction, or 
winding a strip-like base member (4) about a longitudinal 
direction and then stranding the base member, the base mem- 
ber (4) comprises: a reinforcing member (20) configured by 

15 a fibrous material (2) ; and a strip-like expanded graphite 
(3) , the strip-like expanded graphite (3) is disposed at 
least on one face of the reinforcing member (20) , a portion 
of the strip-like expanded graphite (3) is placed outside 
the cord-like member (40) , the reinforcing member (20) is 

20 involved in the cord-like member (40) , a large number of 
openings (20A) are formed in the reinforcing member (20) , 
and the strip-like expanded graphite (3) faces the openings 
(20A) . 

The invention relates to a gland packing, and is char- 
25 acterized in that a plurality of the gland packings (1) are 
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used, and braided or twisted. 

According to the configuration, the invention has the 
following advantages . 

The cord-like member has an internal reinforcement 
5 structure in which the strip-like expanded graphite is 
placed on an outer side, and the sheet-like reinforcing 
member configured by a fibrous material is placed inside, 
and which is surely reinforced by the reinforcing member. 

Moreover, the many openings are formed in the rein- 
10 forcing member, and the strip-like expanded graphite faces 
the openings. Therefore, a so-called anchor effect in 
which the expanded graphite is engaged with the openings is 
produced. Because of the anchor effect, the coupling force 
between the strip-like expanded graphite and the reinforc- 
15 ing member is enhanced, and hence the shape-retaining prop- 
erty of the gland packing material is high. As a result, 
even when a used amount of an adhesive agent for coupling 
the strip-like expanded graphite with the reinforcing mem- 
ber is restricted to zero or a very small amount, the rein- 
20 forcing member is hardly separated from the strip-like ex- 
panded graphite during braiding or a twisting process of 
producing a gland packing, and the internal reinforcement 
effect due to the reinforcing member can be effectively ex- 
erted. 

25 Since the used amount of an adhesive agent can be re- 



stricted to zero or a very small amount, it is possible to 
suppress the properties of the strip-like expanded graphite 
such as the affinity and the compression recovery property 
from being lowered by hardening of the adhesive agent. 

Since the reinforcing member and the strip-like ex- 
panded graphite are partly involved in the cord-like mem- 
ber, the reinforcing member is hardly separated from the 
strip-like expanded graphite during braiding or a twisting 
process of producing a gland packing, so that the shape- 
retaining property of the gland packing material can be en- 
hanced and the internal reinforcement effect can be effec- 
tively exerted. 

Since the reinforcing member is involved in the cord- 
like member, a sandwich structure in which a portion of the 
strip-like expanded graphite is sandwiched by the reinforc- 
ing member is formed, so that, in the case where the pack- 
ing is compressed or a pressure is applied to the packing, 
movement of expanded graphite particles is suppressed. 
Therefore, the shape-retaining property of the gland pack- 
ing material can be further improved. 

Moreover, properties which are preferable in sealing, 
such as the compressibility and the recovery property are 
produced by the strip-like expanded graphite, and the 
strip-like expanded graphite is placed outside the cord- 
like member. Therefore, the gland packing material can ob- 



tain a high sealing property. 

The gland packing material has a high sealing property 
and an excellent shape-retaining property. In a gland 
packing which is produced with using a plurality of such 
gland packing materials, therefore , the expanded graphite 
is prevented from dropping off during the braiding or the 
twisting process. As a result, in the gland packing, the 
elasticity is not reduced, and the properties which are 
preferable in sealing, such as the compressibility and the 
recovery property can be held. In the case where the pack- 
ing is compressed or a pressure is applied to the packing, 
movement of expanded graphite particles is suppressed. 
Therefore, the sealing face pressure is prevented from be- 
ing lowered, so that the pressure resistance performance 
can be improved, and the pressure contact force to be ap- 
plied to the counter member is kept to a high level, so 
that the sealing property can be improved. As a result, 
the gland packing can satisfactorily seal a shaft seal part 
of a fluid apparatus or the like. 

In the gland packing material, moreover, the used 
amount of an adhesive agent can be restricted to zero or a 
very small amount. Even when the gland packing using the 
gland packing material is used under a high temperature 
condition, reduction of the sealing property due to burning 
of the adhesive agent can be suppressed. 



In the cord-like member, only a portion of the outer 
side may be covered by the strip-like expanded graphite. 
When a whole outside of the cord-like member is covered by 
the strip-like expanded graphite, however, the properties 
of the strip-like expanded graphite which are preferable in 
sealing can be exerted more effectively. 

The strip-like expanded graphite may be disposed only 
on one face of the reinforcing member. Alternatively, the 
strip-like expanded graphite may be disposed on both faces 
of the reinforcing member. In this case, a double struc- 
ture in which the strip-like expanded graphite sandwiches 
the reinforcing member is formed, and hence the properties 
which are preferable in sealing, such as the compressibil- 
ity and the recovery property are further improved, so that 
a higher sealing property can be obtained. Since the 
strip-like expanded graphite is disposed on the both faces 
of the reinforcing member, the contact area between the re- 
inforcing member and the strip-like expanded graphite is 
widened, and the coupling force between the strip-like ex- 
panded graphite and the reinforcing member can be further 
enhanced through the many openings disposed in the rein- 
forcing member. 

For example, the sheet-like reinforcing member config- 
ured by a fibrous material may be configured by a fiber- 
opened sheet in which multifilament yarns are opened in a 



sheet-like shape . 

In this case, a thickness of the fiber-opened sheet is 
preferably set to 10 pm to 300 pm, and more preferably to 
30 |jm to 100 pm. According to the configuration, the fi- 
ber-opened sheet can be easily produced, the sheet can be 
easily stranded, and the internal reinforcement effect can 
be enhanced. 

As the fibrous material, one or two or more selected 
from the group consisting of carbon fibers and other brit- 
tle fibers, and tough fibers may be used. When each fiber 
is excessively thin, such a fibrous material may be broken 
during a stranding process, and, when each fiber is exces- 
sively thick, the fibrous material is hardly stranded. 
Therefore, the diameter of each fiber is preferably 3 to 
15 pm, and more preferably in a range of 5 pm to 9 [im. 

In the case where carbon fibers or brittle fibers are 
used as the fibrous material, the tensile strength is high, 
and an excellent heat resistance can be attained. In the 
case where carbon fibers are used, particularly, these per- 
formances can be exerted more satisfactorily. In the case 
where other brittle fibers are used, the invention can be 
economically implemented. 

Specific examples of the brittle fibers are glass fi- 
bers, silica fibers, and ceramic fibers such as alumina and 
alumina-silica. One or two or more selected from the group 
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consisting of these fibers can be used. 

In the case where tough fibers are used as the fibrous 
material, the fibrous material can be easily produced with 
using thin fibers because the fibers have high bendability 
and exert excellent workability. An economical gland pack- 
ing material can be provided because the fibers have high 
productivity. When such a gland packing material is used, 
not only a gland packing having a large diameter, but also 
a gland packing having a small diameter can be easily pro- 
duced, and moreover it is possible to produce a gland pack- 
ing which has high durability, and which is economical. 

Furthermore, specific examples of the tough fibers are 
metal fibers, aramid fibers, and PBO (poly-p- 
phenylenebenzobisoxazole) fibers . One or two or more se- 
lected from the group consisting of these fibers can be 
used. 

Brief Description of the Drawings 

Figs. 1 to 20 show embodiments of the invention. 

Figs. 1 to 6 show a first embodiment of the gland 
packing material of the invention, Fig. 1 is a perspective 
view of the gland packing material, Fig. 2 is a partial 
enlarged plan view showing a state where expanded graphite 
faces many openings of a reinforcing member configured by a 
fibrous material, Fig. 3 is a section view taken along the 
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line A-A in Fig, 2, Fig. 4 is a perspective view showing a 
fiber bundle, Fig. 5 is a perspective view showing a fiber- 
opened sheet, and Fig. 6 is a perspective view of a base 
member . 

Fig. 7 is a perspective view of strip-like expanded 



graphite in a state where a small amount of adhesive agent 
is used, and showing a modification of a procedure of pro- 
ducing the base member. 

Figs . 8 and 9 show another modification of the proce- 
dure of producing the base member, Fig. 8 is a section view 
showing a state where expanded graphite powder is superim- 
posed on a fiber-opened sheet, and Fig. 9 is a section view 
of the base member. 

Figs. 10 to 12 show modifications of the base member 



in the first embodiment, Fig. 10 is a section view of a 
base member in a first modification, Fig. 11 is a section 
view of a base member in a second modification, and Fig. 12 
is a section view of a base member in a third modification. 

Fi g. 13 is a perspective view showing a second embodi- 
ment of the gland packing material of the invention. 

Figs. 14 and 15 show a third embodiment of the gland 



packing material of the invention, Fig. 14 is a section 
view of a base member, and Fig. 15 is a perspective view of 
the gland packing material. 

Figs. 16 and 17 show modifications of the base member 
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in the third embodiment , Fig. 16 is a section view of a 
base member in a first modification , and Fig. 17 is a sec- 
tion view of a base member in a second modification. 

Fig. 18 is a perspective view showing a fourth embodi- 
ment of the gland packing material of the invention. 

Fig. 19 is a perspective view showing an embodiment of 
the gland packing of the invention. 

Fig. 20 is a perspective view showing another embodi- 
ment of the gland packing of the invention. 

Figs. 21 to 23 show the conventional art. 

Fig. 21 is a perspective view of a gland packing mate- 
rial of the conventional art. 

Fig. 22 is a perspective view of a gland packing which 
is formed by braiding the gland packing material of the 
conventional art, and Fig. 23 is a perspective view of a 
gland packing which is formed by twisting the gland packing 
material of the conventional art. 

Best Mode for Carrying Out the Invention 

Hereinafter, preferred embodiments of the invention 
will be described with reference to the drawings . 

Fig. 1 is a perspective view showing a first embodi- 
ment of the gland packing material of the invention. Re- 
ferring to the figure, the gland packing material (1) is 
configured by a cord-like member (40) which is formed by 
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sequentially stranding a strip-like base member (4) in the 
longitudinal direction with starting from an end. The base 
member (4) comprises: a sheet-like reinforcing member (20) 
configured by many long carbon fibers (2) which are very 
thin; and a strip-like expanded graphite (3) . The rein- 
forcing member (20) is disposed on one face of the strip- 
like expanded graphite (3) . The stranding process is ap- 
plied so that the strip-like expanded graphite (3) is di- 
rected outward, and the reinforcing member is directed in- 
ward. As a result of the stranding process, the whole re- 
inforcing member (20) and one end portion (5) in the width 
direction of the strip-like expanded graphite (3) are in- 
volved in the cord-like member (40) . Namely, the cord-like 
member (40) is in the state where a portion of the strip- 
like expanded graphite (3) is placed in the whole outer 
side, and the reinforcing member (20) is covered by the 
strip-like expanded graphite (3) , and the gland packing ma- 
terial (1) is configured to have an internal reinforcement 
structure in which the sheet-like reinforcing member (20) 
is interposed between the strip-like expanded graphite (3) . 

As shown in Figs. 2 and 3, the reinforcing member (20) 
comprises a large number of openings (20A) , and the strip- 
like expanded graphite (3) faces the openings (20A) . The 
many openings (2 OA) are formed in a case where the openings 
are spontaneously formed when the reinforcing member (20) 
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configured by many long carbon fibers (2) which are very 
thin are stranded, or a case where many portions of the re- 
inforcing member (20) are slightly forcedly torn in such a 
manner that adjacent carbon fibers (2) are separated from 
5 each other, and local clefts are previously formed in an 
artificial manner before the stranding process. 

The carbon fibers (2) have a property that they are 
hardly broken by an external force of the level of strand- 
ing. Therefore, it is possible to obtain the gland packing 

10 material (1) having an internal reinforcement structure in 
which the reinforcing member (20) configured by the carbon 
fibers (2) is covered by the strip-like expanded graphite 
(3) . Furthermore, the strip-like expanded graphite (3) 
faces the many openings (20A) formed in the reinforcing 

15 member (20) configured by the carbon fibers (2) , and the 
strip-like expanded graphite (3) is engaged with the open- 
ings (20A) to produce a so-called anchor effect. Because 
of the anchor effect, the coupling force between the strip- 
like expanded graphite (3) and the reinforcing member (20) 

20 is enhanced, and hence the use of an adhesive agent can be 
omitted. In a process in which the gland packing material 
(1) is braided or twisted in order to produce a gland pack- 
ing which will be described later, namely, the reinforcing 
member (20) is hardly separated from the strip-like ex- 

25 panded graphite (3) even when an adhesive agent is not 



used- Therefore, the shape-retaining property of the gland 
packing material (1) can be enhanced, and the internal re- 
inforcement effect due to the reinforcing member (20) can 
be effectively exerted. The omission of the use of an ad- 
hesive agent suppresses the properties of the strip-like 
expanded graphite (3) such as the affinity and the compres- 
sion recovery property from being lowered by hardening of 
the adhesive agent. 

In the gland packing material (1) , the whole reinforc- 
ing member (20) and the one end portion (5) in the width 
direction of the strip-like expanded graphite (3) are in- 
volved in the cord-like member (40) . According to the con- 
figuration also, the reinforcing member (20) is hardly 
separated from the strip-like expanded graphite (3) when 
the gland packing is produced, so that the shape-retaining 
property of the gland packing material (1) can be enhanced 
and the internal reinforcement effect can be effectively 
exerted. 

The properties which are preferable in sealing, such 
as the compressibility and the recovery property are pro- 
vided by the strip-like expanded graphite (3) , and the 
strip-like expanded graphite (3) is placed outside of the 
cord-like member. Therefore, the gland packing material 
(1) can obtain a high sealing property. 

Since the whole reinforcing member (20) and a portion 
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of the strip-like expanded graphite (3) are involved in the 
cord-like member (40) , a sandwich structure in which a por- 
tion of the strip-like expanded graphite (3) is sandwiched 
by the reinforcing member (20) is formed. In the case 
5 where the packing is compressed or a pressure is applied to 
the packing, therefore , movement of expanded graphite par- 
ticles is suppressed. Therefore, the shape-retaining prop- 
erty of the gland packing material (1) can be further im- 
proved. In the gland packing which is formed by the gland 
10 packing material (1) , when the packing is compressed or a 
pressure is applied to the packing, movement of expanded 
graphite particles is suppressed. Therefore, the sealing 
face pressure is prevented from being lowered, so that the 
pressure resistance performance can be improved, and the 
15 pressure contact force to be applied to the counter member 
is kept to a high level, so that the sealing property can 
be improved. 

For example, the gland packing material (1) can be 
produced in the following procedure. 
20 First, the base member (4) is formed in the following 

procedure . 

As shown in Fig. 4, initially, a multifilament yarn in 
which, for example, 12,000 carbon fibers (2) each having a 
diameter of 7 [im are bundled is used to form a carbon fiber 
25 bundle (2A) in which the fibers are bundled in a flat shape 
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having a width (W) = 4.00 mm and. a thickness (T) = 0.20 mm. 

Then, the carbon fiber bundle (2A) is fiber-opened to a 
sheet-like shape so as to be extended in the width direc- 
tion, whereby a fiber-opened sheet (2B) having a width (Wl) 
= 25.00 mm and a thickness (Tl) = 0.03 mm is formed as 
shown in Fig . 5 . 

For example, the fiber opening process is conducted in 
the following manner. First, the carbon fiber bundle (2A) 
is heated to soften a sizing agent for the fiber bundle , 
and the carbon fiber bundle (2A) is fed in the longitudinal 
direction while controlling the speed of the fiber bundle. 
An air flow is blown in a crossing direction while main- 
taining a predetermined overfeed amount. In a portion 
where the air flow passes, the carbon fiber bundle (2A) is 
arcuately strained to be unbound in the width direction, 
and the sizing agent is cooled and hardened, thereby form- 
ing the extended fiber-opened sheet (2B) . 

As shown in Fig. 6, next, the fiber-opened sheet (2B) 
is laid on one face of the strip-like expanded graphite (3) 
having a width (W2) = 25.00 mm and a thickness (T2) = 0.25 
mm, to form the base member (4) in which the sheet-like re- 
inforcing member (20) configured by the carbon fibers (2) 
is disposed on one face of the strip-like expanded graphite 
(3) . 

Then, the base member (4) is stranded to be formed 
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into the cord- like member (40), thereby producing the gland 
packing material (1) . 

Preferably , an adhesive agent is omitted in the base 
member (4) . However, the coupling force between the rein- 
forcing member (20) and the strip-like expanded graphite 
(3) may be enhanced by using a small amount of adhesive 
agent. Specifically, as shown in Fig. 7, for example, an 
adhesive agent (6) of epoxy resin, acrylic resin, phenol 
resin, or like resin may be disposed in a spot-like manner 
on one face of the strip-like expanded graphite (3) having 
a width (W2) = 25.00 mm and a thickness (T2) = 0.25 mm, and 
the fiber-opened sheet (2B) may be laid on one face of the 
strip-like expanded graphite (3) in this state to form the 
base member (4) . The adhesive agent (6) is used in a spot- 
like manner so that the used amount is restricted to a very 
small level. Therefore, the properties of the strip-like 
expanded graphite (3) such as the affinity and the compres- 
sion recovery property are prevented from being lowered by 
hardening of the adhesive agent (6) . 

Alternatively, as shown in Figs. 8 and 9, for example, 
the base member (4) may be formed by, when expanded graph- 
ite powder is to be compression-molded to the strip-like 
expanded graphite (3) , disposing the reinforcing member 
(20) to be integrated with one face of the strip-like ex- 
panded graphite (3) . Specifically, as shown in Fig. 8, ex- 
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panded graphite powder (3A) is superimposed on the fiber- 
opened sheet (2B) having a width (Wl) = 25.00 mm and a 
thickness (Tl) = 0.03 mm. A compression-molding process is 
then applied, thereby forming the base member (4) in which, 
as shown in Fig. 9, the reinforcing member (20) configured 
by the fiber-opened sheet (2B) is disposed on one face of 
the strip-like expanded graphite (3) that is compressed so 
as to have a width (W2) = 25.00 mm and a thickness (T2) = 
0.25 mm. 

In the first embodiment, the reinforcing member (20) 
constituting the base member (4) , and the strip-like ex- 
panded graphite (3) are formed so as to have the same 
width. In the invention, alternatively, their widths may 
be different from each other. 

In a first modification shown in Fig. 10, for example, 
the base member (4) is formed by laying the fiber-opened 
sheet (2B) which is smaller in width than the strip-like 
expanded graphite (3) , on one face of the strip-like ex- 
panded graphite (3) . 

In a second modification shown in Fig. 12, the base 
member (4) is formed by laying the fiber-opened sheet (2B) 
which is larger in width than the strip-like expanded 
graphite (3) , on one face of the strip-like expanded graph- 
ite (3) . In the second modification, when both end por- 
tions in the width direction of the fiber-opened sheet (2B) 
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protrude from the strip-like expanded graphite (3) , one of 
the protruding end portions of the fiber-opened sheet (2B) 
is exposed to the outside of the cord-like member (40) . 
Among the end portions in the width direction of the strip- 
like expanded graphite (3) , therefore, the end portion 
which is opposite to one end portion (5) that is to be in- 
volved in the cord-like member (40) is preferably aligned 
with the end portion in the width direction of the fiber- 
opened sheet (2B) as indicated by the phantom line in Fig. 
12. 

In a third modification shown in Fig. 13 , the base 
member (4) is formed by laying a small-width fiber-opened 
sheet (2B) on both faces of the strip-like expanded graph- 
ite (3) . In this case, when the base member (4) is 
stranded, one of the fiber-opened sheets (2B) may be ex- 
posed to the outside of the cord-like member (40) . There- 
fore, it is preferable to form the one fiber-opened sheet 
(2B) in a portion close to one end in the width direction 
of the strip-like expanded graphite (3) so that, when the 
base member (4) is stranded, the sheet is involved in the 
cord-like member (40) . 

It is a matter of course that, in the fibrous material 
and the strip-like expanded graphite which are used in the 
invention, the thickness of the fibers, the number of the 
bundled fibers, the width of the sheet, the thickness of 
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the sheet, the width and thickness of the strip-like ex- 
panded graphite, and the like are not restricted to those 
in the first embodiment described above. 

As the carbon fibers (2) , however, it is preferable to 
use fibers each having a diameter of 3 to 15 pm. When 
the diameter is smaller than 3 Jim, the fibers may be broken 
during the stranding process, and, when the diameter is 
larger than 15 jam, the fibers are hardly stranded. There- 
fore, it is most preferable to set the diameter of the car- 
bon fibers (2) to a range of 5 pm to 9 (Jm. In the inven- 
tion, in place of carbon fibers, other brittle fibers, or 
tough fibers may be used. In the case where tough fibers 
such as metal fibers are used, such fibers have high bend- 
ability, and hence it is less likely that they are broken 
during the stranding process. In such a case, therefore, 
thinner fibers may be used. 

Moreover, the thickness (Tl) of the fiber-opened sheet 
(2B) is preferably set to a range of 10 \ua to 300 |4m, and 
more preferably to a range of 30 ^m to 100 |jm. When the 
thickness (Tl) is smaller than 10 Jim, the internal rein- 
forcement effect is reduced, and a uniform sheet is hardly 
produced. When the thickness (Tl) is larger than 300 |im, 
the internal reinforcement effect can be enhanced, but the 
stranding process is hardly applied. 

Fig. 13 is a perspective view showing a second embodi- 
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merit of the gland packing material of the invention . The 
gland packing material (1) of the second embodiment is con- 
figured by the cord-like member (40) which, as shown in 
Fig. 13, is formed by winding the base member (4) that is 
configured in the same manner as the first embodiment de- 
scribed above, about the longitudinal direction in the 
state where the strip-like expanded graphite (3) is di- 
rected outward and the reinforcing member (20) configured 
by the carbon fibers (2) is directed inward. The carbon 
fibers (2) are placed in parallel with the longitudinal di- 
rection of the cord-like member (40) , and the whole rein- 
forcing member (20) configured by the carbon fibers (2) is 
placed together with the one end portion (5) in the width 
direction of the strip-like expanded graphite (3) inside 
the cord-like member (40) . 

Namely, the cord-like member (40) is in the state 
where a portion of the strip-like expanded graphite (3) is 
placed in the whole outer side, and the reinforcing member 
(20) is covered by the strip-like expanded graphite (3) , 
and, in the same manner as the first embodiment, the gland 
packing material (1) is configured to have an internal re- 
inforcement structure in which the sheet-like reinforcing 
member (20) is interposed between the strip-like expanded 
graphite (3) . 

The other configuration is similar to that of the 
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first embodiment, and functions in a similar manner. 
Therefore, its description is omitted. 

When the gland packing material (1) of the second em- 
bodiment is stranded in a spiral manner, the material can 
be formed into the gland packing material (1) having an ap- 
pearance which is identical with that of the first embodi- 
ment, and function and attain effects in a similar manner 
as the first embodiment. 

Figs. 14 and 15 show a third embodiment of the inven- 
tion. 

In both the first and second embodiments described 
above, the strip-like expanded graphite (3) is disposed 
only on one face of the reinforcing member (20) . By con- 
trast, in the third embodiment, as shown in Fig. 14 , the 
base member (4) is formed by disposing the strip-like ex- 
panded graphite (3) having a width which is equal to that 
of the reinforcing member (20) configured by the fiber- 
opened sheet (2B) , on the both faces of the reinforcing 
member (20) . 

In the same manner as the first embodiment described 
above, the base member (4) is stranded in the longitudinal 
direction with starting from an end, whereby the gland 
packing material (1) configured by the cord-like member 
(40) is formed as shown in Fig. 15. 

In the third embodiment, since the strip-like expanded 
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graphite (3) is disposed on the both faces of the reinforc- 
ing member (20) configured by the carbon fibers (2) , a dou- 
ble structure in which the strip-like expanded graphite (3) 
sandwiches the reinforcing member (20) is formed, and hence 
5 the properties which are preferable in sealing, such as the 
compressibility and the recovery property are further im- 
proved, so that a higher sealing property can be obtained. 
Since the strip-like expanded graphite (3) is disposed on 
the both faces of the reinforcing member (20) , the contact 
10 area between the reinforcing member (20) and the strip-like 
expanded graphite (3) is widened. As a result, the cou- 
pling force between the strip-like expanded graphite (3) 
and the reinforcing member (20) can be further enhanced 
through the many openings (2 OA) disposed in the reinforcing 
15 member (20) . 

The other configuration is similar to that of the 
first embodiment, and functions in a similar manner. 
Therefore , its description is omitted. 

In the base member (4) used in the third embodiment, 
20 in the same manner as the first embodiment described above, 
the widths of the reinforcing member (20) and the strip- 
like expanded graphite (3) may be different from each 
other . 

In a first modification of the third embodiment shown 
25 in Fig. 16, namely, the base member (4) is formed by laying 
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the strip-like expanded graphites (3) which are larger in 
width than the fiber-opened sheet (2B) , respectively on the 
both faces of the fiber-opened sheet (2B) . 

In a second modification of the third embodiment shown 
5 in Fig . 17 , the base member (4) is formed by laying the 
strip-like expanded graphites (3) which are smaller in 
width than the fiber-opened sheet (2B) , respectively on the 
both faces of the fiber-opened sheet (2B) . In the same 
manner as the second modification of the first embodiment , 
10 one end portion in the width direction of the strip-like 
expanded graphite (3) which is on the outer side is pref- 
erably aligned with the end portion in the width direction 
of the fiber-opened sheet (2B) as indicated by the phantom 
line in Fig. 17. 

15 In the invention, it is a matter of course that, when 

the strip-like expanded graphites (3) are to be disposed 
respectively on the both faces of the reinforcing member 
(20) , any combination of two kinds of large-width strip- 
like expanded graphite, small-width strip-like expanded 

20 graphite, and equal -width strip-like' expanded graphite can 
be used. 

Fig. 18 is a perspective view showing a fourth embodi- 
ment of the gland packing material of the invention. The 
gland packing material (1) of the fourth embodiment is con- 
25 figured by the cord-like member (40) which is formed by 



- 26 - 

winding the base member (4) that is configured in the same 
manner as the third embodiment described above, about the 
longitudinal direction. The carbon fibers (2) are placed 
in parallel with the longitudinal direction of the cord- 
5 like member (40) . The other configuration is similar to 
that of the third embodiment , and functions in a similar 
manner. Therefore , its description is omitted. 

In the embodiments described above, carbon fibers are 
used as the fibrous material. In the invention, alterna- 
10 tively, other brittle fibers, and tough fibers may be used. 
Examples of such brittle fibers are glass fibers such as 
E-glass, T-glass, C-glass, and S-glass, silica fibers, and 
ceramic fibers such as alumina and alumina-silica. Exam- 
ples of the tough fibers are metal fibers such as stainless 
15 steel, aramid fibers, and PBO fibers. 

Although a fiber-opened sheet is used as the sheet 
configured by a fibrous material, the fibrous material 
which is useful in the invention may be formed into a 
sheet-like shape by other means . 
20 Next, the gland packing of the invention which is pro- 

duced with using the gland packing material will be de- 
scribed. 

Fig. 19 is a perspective view showing an embodiment of 
the gland packing of the invention. 
25 The cord-like gland packing (8) is produced by prepar- 
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ing a plurality of the above-described gland packing mate- 
rials (1) of the invention, and bundling and braiding these 
gland packing materials (1) by a braiding machine. For ex- 
ample, the gland packing (8) shown in Fig. 20 is produced 
by conducting an eight- strand square-knitting process on 
eight gland packing materials (1) . 

The cord-like gland packing (8) is produced with using 
a plurality of the above -de scribed gland packing materials 
(1) which have a high sealing property and an excellent 
shape-retaining property, whereby the expanded graphite is 
prevented from dropping off during the braiding ! process . 
As a result, in the gland packing (8) , the elasticity is 
not reduced, the properties which are preferable in seal- 
ing, such as the compressibility and the recovery property 
are held, and the sealing property is improved. In the 
case where the packing is compressed or a pressure is ap- 
plied to the packing, movement of expanded graphite parti- 
cles is suppressed. Therefore, the sealing face pressure 
is prevented from being lowered, so that the pressure re- 
sistance performance is improved, and the pressure contact 
force to be applied to the counter member is kept to a high 
level, so that the sealing property is improved. As a re- 
sult, the gland packing (8) can satisfactorily seal a shaft 
seal part of a fluid apparatus or the like. 

In the gland packing material (1) , moreover, the used 



amount of the adhesive agent is zero or a very small 
amount. Even when the gland packing (8) is used under a 
high temperature condition, therefore , reduction of the 
sealing property due to burning of the adhesive agent can 
be suppressed. Also because of this, the gland packing has 
an excellent sealing property. 

Fig. 20 is a perspective view showing another embodi- 
ment of the gland packing of the invention. 

In the embodiment, the cord-like gland packing (8) is 
produced by, in place of braiding gland packing materials 
(1) , bundling and twisting a plurality of gland packing ma- 
terials (1) . For example, the gland packing (8) shown in 
Fig. 20 is formed by conducting a roll molding process 
while bundling and applying a twisting process on six gland 
packing materials (1) . 

The gland packing (8) of the embodiment functions and 
attains effects in a similar manner as the embodiment in 
which the gland packing materials (1) are braided. There- 
fore, its description is omitted. 



